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IMMUNOLOGIC UNRESPONSIVENESS AFTER TOPICAL AND
ORAL ADMINISTRATION OF CONTACT SENSITIZERS
TO THE GUINEA PIG*
EDMUND D. LOWNEY, Pn.D., M.D.
When an appropriate amount of a chemi-
cal sensitizer such as diriitrochlorobenzene
(DNCB) is put on the skin of the guinea pig,
the animal develops a delayed, contact sensi-
tivity to the compound. If, however, the com-
pound is given by mouth, as in the classical
experiments of Chase (1—3), the animal de-
velops an immunologic unresponsiveness—a rel-
ative inability to become sensitized by later
topical application of the compound.
It appears at first glance that DNCB has
diametrically opposite effects when given by
topical application (producing sensitization),
and when given by mouth (resulting in unre-
sponsiveness), and this has occasionally led to
the unfortunate assumption that sensitization
and immunological unreponsiveness to contact
sensitizers are mutually exclusive occurrences.
However, as early as 1943, unresponsiveness
was occasionally noted to occur following top-
ical application of a sensitizer (2, 4), and
Kligman (5) pointed out in 1958 that unre-
sponsiveness may be seen after the subsidence
of poison ivy sensitivity, presumably acquired
by topical exposure.
In an earlier study (6), we made observations
which could only be explained by assuming that
immunologic unresponsiveness commonly ap-
pears after topical administration of sensitizers
to guinea pigs. It is the burden of this paper
to point out that immunologic unresponsive-
ness regularly occurs after a chemical sensitizer
is given to a guinea pig by either topical or
oral routes; the major difference between them
is that oral administration is usually followed
by unresponsiveness alone, while both sensi-
tivity and unresponsiveness most often occur
when the topical route is used. Thus, sensitivity
and unreponsiveness are not necessarily mutu-
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ally exclusive, alternative responses to admin-
istration of a sensitizer, but may appear as
sequential phases in a chain of immunologic
events.
METHODS
Subjects were male albino guinea pigs, weighing
200—350 grams at the start of experiments.
Para-nitrosodimethylaniline (NDMA) was used
as a sensitizer. Initial topical application was ac-
complished by pipetting varying amounts of the
compound, dissolved in .02 ml acetone onto sev-
eral areas of skin which had been wax-epilated 48
hours previously. In some experiments, varying
amounts of NDMA were dissolved in a 1:9 ace-
tone:corn oil solution and injected into the gut.
This was done by an open surgical procedure,
through an abdominal incision made under ether
anesthesia, and the wound was closed with a sin-
gle layer of interrupted 4-0 silk sutures.
In most experiments, a final attempt was made
to boost sensitivity by injection into a rear foot
pad of 1 mg NDMA mixed with 0.1 ml complete
Freund's adjuvant (Difco).
The degree of sensitivity produced was assayed
by skin tests, which were also conducted on wax-
epilated skin. Two tests were simultaneously ap-
plied, 25.y and lOy NDMA dissolved (0.1%) in
acetone being pipetted onto two circular areas of
skin 1 cm in diameter. Two such sets of tests were
applied in most experiments (one 24 hours before,
and one 9 days after the foot-pad injection); the
second pair of tests was always applied to the op-
posite, previously untested side of the animal.
Test reactions were evaluated 12, 24, and 36
hours after application of the test dose according
to the following scale:
0 —No reaction
0.5—Minimal reaction
1 .0—Erythema of part of test area
2.0—Erythema of entire test area or erythema
and induration of part of area
3.0—Erythema and induration of entire test area
As two tests (with by and 257 NDMA) were
always performed simultaneously, a total score
was derived for each animal on each testing ses-
sion by adding the two 24-hour readings. Thus,
total scores (the "sensitivity scores" presented in
the figures) ranged from 0 to 6. All data presented
are based on 24-hour readings.
The range of test responses is illustrated in
Figure 1, which shows reactions as they appeared
24 hours after application of the test doses.
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Fie. 1. Reaction to 10y (anterior) and 25y (pos-
terior) NDMA, applied 24 hours previously. The
upper animal (from Group 3) was given l7Sy
NDMA (7 distributed applications of 257 each)
by topical application on day 1, followed by a
skin test and foot-pad injection of 1 mg NDMA
in Freund's adjuvant on days 35—36. The tests
seen above were applied on day 45, and photo-
graphed on day 46; they show failure to respond
to the sensitizing injection. The lower animal(from control group), first exposed to NDMA by
the skin test and injection (days 35—36), shows in-
tense sensitivity ten days later.
Experiment I. Unresponsiveness Following
Topical Application of NDMA
Experimental design: The schedule of this ex-
periment is summarized in Table I. The response
to sensitization with NDMA was studied in three
groups of guinea pigs which had previously been
exposed to the compound, as follows:
Group 1: Seven control animals had no expo-
sure to NDMA before the first skin test (on day
35).Group 2: Ten days before the first skin test
(i.e. on day 25), 18 guinea pigs had received topi-
cal applications of NDMA to seven wax-epilated
areas of skin (the nape, sacral area, umbilical
area, and the dorm of all four paws).1 Amounts of
1 The sensitizer was applied to several widely
scattered sites •with the object of distributing it
to all lymphatic drainage areas. Subsequent con-
trolled experiments have shown that this measure
reduces the variability of results, but has little if
any effect on the degree of unresponsiveness which
is induced.
NDMA varying from to 257 (enumerated in
the figures) were dissolved in .02 ml acetone and
applied to each area. Four or five animals re-
ceived each dose.
Group 3: Thirty-four days before the first skin
test (on day 1), these 18 guinea pigs received iden-
tical applications of varying amounts of NDMA.
In the terminal phase of the experiment, all 43
pigs were tested epicutaneously with 107 and 257
NDMA to assay sensitivity. Twenty-four hours
later (day 36) they were given 1 mg NDMA in
Freund's complete adjuvant by foot-pad injection(a procedure which normally induces intense sen-
sitivity). Finally, sensitivity was again measured
by skin tests applied to the opposite side nine days
after the injection (on day 45).
All animals were acquired at one time, and
were otherwise treated similarly throughout the
study.
Results: In the control animals (Group 1),
the first pair of skin tests established the level
of primary irritant response, which never ex-
ceeded a "sensitivity score" of 1.0. Two of the
five Group 2 animals which received 7 applica-
tions of M4y NDMA 10 days before exhibited
a mild degree of sensitivity on the first tests;
however, sensitization was not regularly noted
after exposure to less than '/2y NDMA. Me-
dian "sensitivity scores," reflecting sensitivity
10 days following each initial dose are presented
in Figure 3. Group 3 animals, when first tested
34 days after the initial exposure to the sensi-
tizer, revealed a great decline of sensitivity
when compared with the Group 2 animals tested
at 10 days. Guinea pigs originally given M47
and '/2y doses of NDMA exhibited no evidence
of sensitization when tested at 34 days.
The second epicutaneous test reflected addi-
tional sensitization resulting from the first test
plus the foot-pad injection, both of which had
been given within a 24-hour period 9 days be-
fore. Results of this test for the Group 3 ani-
mals (exposed to NDMA 34 days before the
sensitizing procedures described above) and
TABLE I
Schedule of first experiment
Day 1: NDMA applied to animals in Group 3.
Day 25: NDMA applied to animals in Group 2.
Day 35: All animals skin tested on right side.
Day 36: All animals given 1 mg NDMA in
Freund's adjuvant by foot-pad injec-
tion.
Day 45: All animals tested again, on left side.
A.
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Group 1 controls are presented in detail in
Figure 2. Median scores representing the same
data are also presented in Figure 3. It can be
seen that topical application of as much as
NDMA to each area 34 days before the sen-
sitization procedure resulted in almost complete
immunologic unresponsiveness. (This is illus-
trated in Figure 1.) Animals given smaller doses
showed less impairment of response, but a slight
degree of unresponsiveness was apparent in ani-
mals given initial topical exposure to as little as
½y NDMA.
The relationship between the degree of sen-
sitivity and unresponsiveness following various
single doses of NDMA is shown in Figure 3. In
this experimental situation, the threshold dose
for initiation of both phenomena appears to be
about the same.
Guinea pigs exposed to NDMA 10 days be-
fore the sensitizing procedures (Group 2)
showed definite, but incomplete and variable
impairment of sensitization on the final test.
Experiments presented elsewhere (7) have
shown the same thing: immunologic unrespon-
siveness to NDMA is not fully manifested until
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about 30 days after the initial topical exposure.
Thus, after initial exposure to a contact sen-
sitizer, unresponsiveness becomes more appar-
ent as sensitivity is spontaneously declining to
negligible levels.
Experiment II. Comparison of Unresponsiveness
Following Topical and Enteric Dosage
of NDMA
Unresponsiveness following oral administra-
tion of a sensitizer has most often been studied
in chronic feeding experiments in which guinea
pigs are fed a dilute solution of DNCB for
several weeks (1—3, 8). It is not clear from the
reports of these experiments whether the ex-
perimental animals were tested to rule out the
occurrence of sensitization at the time when sen-
sitivity would be expected to be at its peak—8
to 15 days after the first exposure to the anti-
gen. Hence, it is not certain that a transient
phase of sensitivity does not occur when the
antigen is given by mouth, just as sensitivity
precedes unresponsiveness following topical ap-
plication. This possibility is explored in the
NDMA
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Fm. 3. Comparison of sensitivity and unrespon-
siveness resulting from various topical doses of
NDMA. The narrow line shows the degree of sen-
sitivity observed in Group 2 animals 10 days after
topical application of varying amounts of NDMA.(This is the result of the test conducted on day
34.) The heavy line shows the results of the tests
conducted on day 45, reflecting the response (in
Group 3 animals) to sensitization procedures per-
formed 34—35 days after the same topical doses.
Reactions of the control animals (Group 1) to
the pre- and post-sensitization tests are presented
at far right. Topical doses adequate to induce sen-
sitivity 10 days later also induced unresponsive-
ness at 34 days.
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FIG. 2. Effect of topical exposure to varying
amounts of NDMA on response to sensitizing pro-
cedures carried out 34—35 days later. Each dot
represents the sensitivity score for one animal on
the final test (day 45), reflecting the degree of
sensitivity resulting from sensitizing procedures(test and foot-pad injection) carried out 10 days
previously. Animals given as much as 175' NDMA
by topical application 34 days before these pro-
cedures were almost completely unresponsive to
them. (These data are also presented as medians
in Figure 3).
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following experiment, in which immunologic un-
responsiveness was produced simultaneously by
both topical and enteric administration of
NDMA in different groups of the same batch
of animals.
Experimental design: In this experiment, as in
the preceding one, all of 36 guinea pigs were
given: (1) a set of two skin tests, (2) a foot-pad
injection of 1 mg NDMA in complete Freund's
adjuvant 24 hours later, and (3) a second set of
skin tests 9 days after the injection.
Prior to these final procedures, the animals had
been treated as follows:
Group 1: Seven control animals had no previous
exposure to NDMA.
Group 2: Ten days prior to the first skin test,
10 guinea pigs were laparotomized and either 2
mg (5 animals) or 2 mg (5 animals) NDMA was
injected into the small bowel or a section of proxi-
mal large bowel.
Group 3: Thirty days before the first test, eight
animals were given similar intralumenal injections
of NDMA. Three animals received 2 mg, while 5
were given 2 mg.
Group 4: Ten days before the first test, 25-y
NDMA were topically applied to each of 7 areas
of skin which had been wax-epilated 24 hours be-
fore. This group consisted of 5 animals.
Group 5: Six guinea pigs received identical
topical applications of NDMA 30 days before the
first test.
Results: The first test showed the degree of
sensitivity resulting from the previous exposure
to NDMA. Control animals, and animals who
received NDMA by injection into the gut, gave
no definite evidence of sensitization, with all
sensitivity scores but one in the irritant range
(1.0 or below). (In other experiments, sham-
operation—injection of corn oil: acetone solution
alone into the bowel—did not inhibit sensitiza-
tion.) Animals which had been given topical
exposure to NDMA 10 days previously (Group
4) exhibited moderate sensitivity (median sen-
sitivity score: 3.0), while those exposed 30 days
previously showed variable, mild sensitivity
(median sensitivity score: 1.0).
Results of the second test are presented in
Figure 4, and show the response to the sensitiz-
ing procedures (the first test followed by foot-
pad injection) conducted 9—10 days previously.
A considerable impairment of responsiveness is
apparent as early as 10 days following injection
of NDMA into the gut, while the degree of
immunologic unresponsiveness appears to in-
crease more slowly following topical application
of the compound: at 10 days, the foot-pad in-
jection causes a definite increase over the ex-
pected level of sensitization, while unresponsive-
ness is almost complete at 30 days.
This experiment demonstrates that, after
NDMA is put into the bowel, sensitization as
measured by epicutaneo'us tests does not occur,
and unresponsiveness appears rapidly; when
the same sensitizer is put on the skin, sensitivity
becomes apparent, and unresponsiveness does
not become manifest until sensitivity wanes. (It
is difficult to determine the response to sensitiz-
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FIG. 4. Response to sensitizing procedures (skin test followed by foot pad injection) in
animals previously exposed to NDMA by various routes (Group 1—5 from left to right).
Each dot represents the sensitivity score of 1 animal on the final test. Comparable un-
responsiveness was seen 34 days after both enteric and topical exposure.
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ing injections made during the period of active
sensitivity, and the rate at which true unre-
sponsiveness appears after topical exposure to
NDMA has not yet been worked out.)
Administration of NDMA to other parts of
the gastro-intestinal tract .—W hen NDMA is in-
jected directly into the stomach, unresponsive-
ness to this sensitizer develops just as it does
following injection into the bowel. However,
much larger amounts of NDMA (2 mg or
more) must be given by this route to produce
the effect, probably because the compound
combines with food in the stomach.
In another experiment, involving 45 guinea
pigs, NDMA solutions were pipetted into the
pharynx. Because NDMA is a dye, any leakage
from the mouth could be detected, and animals
showing leakage onto the skin were discarded.
Following this procedure, immunologic unre-
sponsiveness developed in animals given SOOy
NDMA or more; however, mild sensitization
(sensitivity scores of 1.0 to 2.0 10 days later)
also occurred.
Immunological unresponsiveness following
topical administration of other contact sensi-
tizers.—The appearance of unresponsiveness
after topical application of dinitrochlorobenzene
and ehlorprothixene, as well as NDMA, has
been demonstrated in experiments presented
elsewhere (7). Chlorprothixene, when put on
the skin, elicits no detectable sensitivity, but
produces unresponsiveness to intradermal in-
jections which is completely developed as early
as 10 days later.
Duration of unresponsiveness.—The experi-
ments described here were terminated 41 days
after the initial topical exposure of NDMA. In
unpublished experiments, we observed com-
plete unresponsiveness to NDMA 168 days
after the first of a series of topical exposures,
while unresponsiveness to DNCB was seen on
the 67th day; neither experiment was con-
tinued beyond this time. Chase et al (2) ob-
served unresponsiveness to picryl chloride as
long as 10 months after feeding of the com-
pound had been stopped. Any practical useful-
ness of this phenomenon depends on its dura-
tion, and this question must be investigated
more fully.
COMMENT
When NDMA is injected into the bowel, and
when chlorprothixene is put on the skin, unre-
sponsiveness appears with no evidence of sen-
sitization. But when a strong sensitizer such as
NDMA is put on the skin, both sensitivity and
unresponsiveness appear with unresponsiveness
becoming manifest as sensitivity declines.
It is already well known that immunologic
unresponsiveness is seen when contact sensi-
tizers are given intravenously (9—li), or by
deep injection (12, 13), as well as by mouth.
We have shown that unresponsiveness regularly
follows topical administration also. It appears,
then, that immunologic unresponsiveness is in-
duced in the guinea pig by any exposure to a
contact sensitizer, regardless of the route of
administration. The topical route differs in
that, when a sensitizer is put on the skin, con-
tact sensitivity appears, in addition to un-
responsiveness.
Whether unresponsiveness or sensitization
predominates following exposure to a sen-
sitizer may depend on a number of factors,
including the "strength" of the sensitizer, route
of administration, dosage, use of adjuvants,
maturity of the animal, etc. By manipulating
these factors, it may be possible to induce un-
responsiveness by topical application of sensi-
tizers, while eliciting minimal or undetectable
sensitivity. Indeed, this was readily done when
chlorprothixene, a very weak sensitizer, was
used (7). White and Baer, however, were un-
able to induce unresponsiveness without sen-
sitization by topical application of DNCB in
man (14).
Unresponsiveness which occurs after a sen-
sitizer is given by mouth has been extensively
studied (3) and no correlation with the appear-
ance of humoral antibodies has been found.
Other types of unresponsiveness have been re-
ported to occur as a sequel to sensitization (15),
and have been noted in association with a low
level of residual sensitivity which would not be
detected by usual methods of assay (16). It
is entirely possible that the unresponsiveness
observed in our experiments was associated with
a minute residual "sensitivity" which was not
detected by skin tests. It is obvious, however,
that speculation concerning the mechanisms
underlying the unresponsiveness observed in
the present experiment, as well as its possible
relationships to the phenomena of induced
homograft tolerance and self-recognition is pre-
mature at this time.
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SUMMARY
After an adequate amount of a contact sen-
sitizer (NDMA) is put on the skin of the
guinea pig, a transient contact sensitivity ap-
pears. As this sensitivity declines, the animal
is not easily re-sensitized by further exposure
to the compound (i.e., he develops immunologic
unresponsiveness). This phenomenon was com-
pared to immunologic unresponsiveness which
follows injection of NDMA into the bowel.
When this enteric route of administration is
used, an analogous unresponsiveness is seen, but
the preliminary stage of sensitivity does not ap-
pear. Immunologic unresponsiveness can be ex-
pected to appear when the guinea pig is exposed
to a contact sensitizer by any route of ad-
ministration, but the topical route differs from
the enteric route in that it usually results in
contact sensitivity as well.
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